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DNA vaccination with plasmids encoding 
the intracellular (HBcAg) or secreted 
(HBeAg) form of the core protein of hepatitis 
B virus primes T cell responses to two 
overlapping K'^- and K^-restricted epitopes 

Reimann "^"^"P^'^'' P"<*ollek. Francis V. Chisarii and J6rg 

InslitLle of Medical Micobiclcgy and ImmjnoJogy Un/vers.ly o( Ulm Ulrr. Gernanv 
'D.v,c,cn of Experimental Pathology. The Scr.pps Research instilue^Va Jdl^ CA^ U^^ 

^ey^vc;^c/s hepatites B core arr gen. cyrofoxic r lymphocyte. ^/h-.C class I. mo^jse 
Abstract 

Plasmid DNA encoding either the InUacellular form HBcAg or the secreted form HR«a« 4k 
proteU, Of hepatHfa B virus (HBV) wa, InJeCed Into the muscle o^ SS^H 2^ o^Fr- - mfce L^rC!^ 
antibody responses arxJ class l-resfrlrted cytotoxic T lymphocyte (CTL) r^^nlL ta HbIa^ 
HBeAg were detected in all mice tested. Stable murine H -2" ans V^ZL^, P . I? HBcAg/ 
either Intracellular HBcAg or sec,«led HBeAo werrc^nsir!, JL,i ^ '^^.T ^ 
.llmulaled In vitro T cells primed /n v/vVand d^lect^ tS^rlt!" ^ I^T '^" 
natur-lV processed p.ptld'es. CDs" C(l JespSn.ei^ndted bv '^°'V";,"»-«»'^»V against 

■ocreled HBeAg. These data make rt unlTk^fw ii!.. ^ytoplasmJc/nuclear HBcAg and 
during chronic H8v!"ectU„^su(.J ^rl^Tt^^.:^'^^^^^^ 

technique to prime CTL r^toon^s llTlZ!^^^:!^ vacclnaUon Is an efficient 

-cr f^d viral protein antTgens overlapping epitopes present on Intracellular or 



introduction 

MHC Class l-restricted cytotoxic t fymphocytes (CTL) ofotect 
agamst many virus infect/ons. C08* CTL spec.Tic for different 
hepat.irs 8 virus (HBV) gene products have t>een isolated 
from patients with HBV .nfection (reviewed .n 1 ), Ar^ important 
immurx)genic gene product of HBV is (he hepatitis B cere 
antigen (HBcAg). HBc protein is a cytosolic 21 kOa (P2i) 
p^em thai self-assembles into 34 nm panicles whch expose 
HBcAg. The HBc sequence is preceded in-frame t^y a signal 
sequence, the so-called pre-core sequer.ce. which converts 



HBc p/otein ,nto the secreted HBe protein. The HBe prorein 
has a translocating signal sequence of 19 amino acids thai 
targets it !o ihe secretory pathway. The P22.5 proie/n is post* 
translationaily modrfied so the lumen of the endoplasmic' 
reticulum (ER). Removal of part of the signal sequence and 
a C-ierrr^ioai tn^cation yield Ihe secreted 1 7 kOa (P 1 7) protein 
with o antigen activity (HBeAg). In mice clas5 ll-resiricied T 
cell eprtopes of HBc/eAg have been mapped (2 3) A«8 have 
recently reported the ident.ffcation of a class I (K**)- res trie ted 
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1204 Vaccination with pfasmids encoding HBcAg or HbsAg 
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FIfl. 1. Locaiion nf :he K^^ and epitope n the H3V core protean. 



HBc/eAg epitope (4) A therapeutic lipopeptide vaccine based 
on a human class l-reslricred HBcAg epitope has Dean 
P'-oposeO for the (reatn-er.t of chronic HBV infection (5). 

In DNA vaccination, plasmid Dt*JA is injected and transiently 
expressed in ceits o( the skin (6 9) or the muscle ■10-i2). 
ONA imrnunization primes responses against viruses (11-17) 
and parasites (18.19) infarriuscuiar inocuiation of expression 
piasmid DMA efficiently pr.mes MHC ciass l-restricted CTL 
responses (12.15.18) We have reported the priming of class 
l-restricted CTL responses to the hepatitis B surface antigen 
(HBsAg) and to HBc/eAg (4,20-25). We mapped a K^- 
reslficted epitope of HBcAg to the residue 93-100 with the 
sequence MGLKFRQL of the protein (4) Here, we show that 
DNA vaccination of H-2^ mice primes CTL responses To 
the K^-b:Pding peptide SYVNTNMGL (res'due 87- 95) :hat 
overlaps the K*^-btnding pep!(de (Fig. 1). transfectants 
expressing the intracellular (HBcAg) or the secreted (HBeAg) 
form of the core protean or targets pulsed with the 9nrier 
peptide SYVNTNI^Gl were efficiently lysed by CTL from H- 
2^ mice vaccinated with expression piasmid DNA encoding 
either the intracellular HBcAg or the secreted iHBeAg. Herce. 
this epitope can be generated from the cytoplasTiic/nuclear 
and the secreted form of the core proiein. In Fi^*^^ nr.ce. 
K**- as welt as the K*^-reslr.cted CTL reactivities are readily 
inducible tDy ONA immunization. 

Methods 

Mice 

C57BU6 J (B6) mice (H-2*'). BALB/cJ mice (H-2^) and 
(C57BL/6>BALB/c) (Fi'='===) mice were Dred and kept under 
standard paihogen-free condiiions in the animal cofony of 
Ulm University (Ulm. Germany). Breeding pairs of these m:ce 
were obtaineo from Bomnoltgard (Ry Denmark). Male and 
femate mice were used at 12-16 weeks of age. 

HBcAg- and HSeAg-encoding expression vectors used for 
nucfeic acid immunization 

We have described the construction of the vector pCfv^lV-l 
trom plasniid pSBC-1 (26). and the insertion of the HBcAg- 
and HBeAg-encoding genes into pCt^V-1 to generate the 
constructs pCf^V- 1/c and pCMV-1/e (4), The gene fragrre.-t 
encoding ;he HBeAg with a mutation of ine internal start 
codon (ATG to ATA) was amplified from a vaccinia reconrbirani 
vector kindly provided by H.-J. Scniichi (27) using HBe- 
specific primers (4). The amplification product was closed 



Into the Xho\ site of pBluescript HSK"*" to generate pBiue-e*^ 
Sequence analysis revealed the expected mutation btt re 
other mutations In the gene. The Xho\ fragrrent from pBlue- 
e*^ was !igated into Sa^-digested pCMV-1 to generate t^e 
construct pCMV-i/e^. Transient transfeciicn studies demon- 
strated that HBcAg produced in pCMV-1/c-transfecred ce:ls 
remains largely associated with the cells, while most of tt^e 
HBeAg produced by pCMV-1/e- and pCMV-1/e^-lransfectec 
cells was secreted into the supernatanr (data not shovvr) 
HBeAg expressed from the vector pCMV-i/e"^ was indistin- 
guishable from HBeAg expressed from pCWV-1/e (data no- 
sh own). 

HBcAg- and HBeAg-expressIng transfedanis 
The Rauscher vinjs-transformed T lymphoma line RBL5 (23} 
is derived from a C67BU6 (H-2^) mouse. This T lymphoma 
cell line was kindly provided by Dr H.-U. Weltzien (Freiburg. 
Germany). The H-2^ mastocytoma cell line PS15 (TIB64) was 
obrainec frcm ATCC (Rockville. f^D). Construction of tre 
expression vector pBMG/HBc from the piasmid pBMGnso 
has been described (4,29). The expression vector pB^'G• 
HBe was generated by insertion of the HBe-containing Sa • 
fragnrtent from pBtue-e into the Saf\ site of pBMGneo. R3L5 
cells or P815 cells were transfectcd with pBMG/HBe, pBMG. 
HBc or pBMGneo piasmid ONA. 

Expression of intracellular or secreted forms of the core 
antigen in cell lines was measured in an ELISA using HBcAg, 
HBeAg-specific antlsera. The amount of recombinant HBcAg 
protein produced in baclena was determined in SD5-PAGE 
using BSA as a standard Serial dilutions of recombtna.ni 
HBcAg protein were measured in the commercial HBe-MEIA 
ELISA Kit (no. 2227-20; Abbott. Wiesbaden. Germany). Tne 
antiserum used in this ELISA cross-reacts with HBcAg anc 
HBeAg. Expression of the intracellular or the secreted forn- 
of the core protein by transfeclants was mieasured in arbitrary 
immunoreactive units (AlU); 10 AlU is the immunoreactive 
material corresponding to 2 pg recombinant core protein. 

Peptides 

Pept'desin Table i were synthesized in an Applied Biosystems 
peptide synthesiser mode! 431 A and purified by reverse- 
prase HPLC. Peptides were dissolved in a 70% acetonii/iie.' 
0. 1 % TFA solution at a concentrations of 20 mg/ml and diluted 
with culture medium for use. 

Nucfeic acid immunization 

We injected 50 PBS containing 1 pig/^l piasmid DNA irto 
each regenerating tibialis anterior muscle 5 days after the 



BNSDOCID: <XP ^929987 A_)_> 



TabI 1. Fine mapping ot the K'^- restricted ep-tope ol HBcAg 



Vaccination \x'itn plasmids encoding HBcAg or HbeAg 1205 



Peptide Mer Residue 



1 


12 


V 


V 




1 1 




\t 


3 


10 






4 


9 






5 


8 






6 


11 


V 


V 


7 


10 




V 


a 


9 








8 






10 


7 






n 


10 


V 


V 


12 


9 




V 


12 


8 






M 


7 






15 


6 







£5 86 67 



88 


39 


90 

■ 


91 


92 


as 


94 


Y 


V 


N 




T 




M 


G 


Y 


7 


N 


T 


N 


W 


G 


Y 


V 


^J 


T 


N 


M 


G 


Y 


V 


N 


T 


N 


M 


G 




V 


N 


T 


N 


M 


G 


Y 


V 


N 


T 


N 


M 


G 


Y 


V 


N 


T 


N 


M 


G 


Y 


/ 


N 


r 


A/ 


/w 


G 


Y 


V 


N 


T 


N 


M 


G 




V 


N 


r 


N 


M 


G 


Y 


V 


N 


r 


N 


M 


G 


Y 


V 


N 


T 


M 


fvl 


G 


Y 


V 


N 


r 


N 


M 


G 


Y 


V 


N 


T 


N 


M . 


G 




V 


H 


T 


N 


M 


G 



95 96 



f ■ * ' fV M G I K 

S Y V M T K) .4 1^ ^ 1^ 

L K 

I J V ; ;^ - g ^ K 
I i: ; ^. q ^ 

S 



injection of cardiotoxin (Latoxan. Rosans. France) as previ- 
CLSly described (10). The cardiotoxn pretreatnent is not 
critical but enhances CTL pn'ming in -Dost expe'imen-s 2- to 
4-fo(d (23). All mice received b.la^efat intramusc^laf injection*; 
once. Spteer celfs were obtained frorr .mrnjnized mice 1-4 
weeks post-immunizalfon. 

Cytotox'Cfty assay 

Spleen cells from immunized or ron-^mmuni^ed (contr-l) rnice 
were suspended in a-WEM rissue culture medium supnte- 
merted with 10 mM HEPES buffer. 5x10-^ M 2-mercaplo- 
etranol. antibiotics and 10% v/v PCS (Pan Systems 
Afdenbach. Germany) Then. 3x iQ^ responder ce'is were co-' 
cultured w.th t.5x 10^ syngeneic t^ar*,sfec:ants (-r^adiated Wilh 
20.000 rad) in 10 ml medmm in upright 25 cm^ tissue culture 
flasks m a humidified almosphefe/7% CO^ at 37^C The 
mediurr. was supplemen:ed with 3% v/v of s rat spleen cell- 
conditioned medium as a source of growth factors Th s 
conditioned medium was obtained by culturing 4 x ic^ ral 
spleen cells/ml for 24 h in mediurr,/5% v/v FCS with 3 ua 
concanavalin A/m/. To determine the restriction specifcitv of 

am,-D^. ant..K^ or ant-L^ mAb were introduced into the 
cytotoxic assay in which in vivo primed and in vitrc re 

^7^!^^?"^ 'T'^!!' ^ere co-ouaured ^v>h trans- 

fected largets. The anti-K=^ mAb 31-3~^S (HB77) the anln 
mAb 34-.-21S (H376) and the an:i-L^ mAb 28 i4 8S 
were used. "» 

Cylotoxic effector populations were harvested after vary.pn 

of «S ^^'"'^ ^""^ ^^^^^'^ Serial dilution? 

Of elteclo. cells were cultured w.th 2 x io3 s-Cr-labeied target! 
1^ HI round-bottom wells. Specific cyto.'yt c activiif^ 
cells was tested in ahon-tefm ^'Cc-reiMQe "vny oi 

;-sfec,ed or peptide-puised targe.fS c^o^^^^^^ 
a7" "c "r^?"" controls. Alter a 4 h^ncLpa^oo 

i ' ^' supernatant was co^l^cted »nr 

Hacation counting. The percentage specie ?Ji;3se was 



calculated as (texperimental release spontaneous release)/ 
(totaf release - spontaneous release)] x lOO. Total counts 
were measured by resuspending target ceils. SpontaneousV 
released counts were always <:20% of the total counts Data 
shown are the mean of triplicate cultures Tne SO of triplicates 
was aKvays <20% of the mean. The data shown were obtained 
with CTL popu/arions re-si;mulated in vfuoonce for 5-7 days 
Following repeated in viiro re-stlm.ulaiions of bulk CTL lines 
their cytolytic reactivity usually increased. 

Determrnafion of serum antibody levels 
Anti-HBc aritibodies were detected in mouse sera using the 
CORE anii-HBc kit (no. 2259-20; Abbot:). Concenirations of 
ant.-HBc were standardized against a reference standard 
0/ ihe Paul-Ehriich-lnstitute (Langen. Germany). Anti-HBe 
antibody :ilers in sera of DNA-imm'jnized mice were deter- 
n-.med us.ng the fMX anti-HBe assay (Abbott). This assay was 
standaroized using a reference from ihe Paul Ehrhch Institute. 

Results 

HBcAg. and HBeAg-expressing transfecrants 
P8 1 5 Of RBLS ceils were tf ansiected wah ONAs of the vectors 
pBMG./HBc. pBMG/HBe or pBMGneo (vector DNA with no 
insert). Stable expression of HBcAg was detected .n RBLS/c 
and P815/C transfectants using a sensitive ELiSA fdaia nol 
shown). In RBLS/c cells HBcAg v.as present exclusively m 
ceii lysates. but not in supematants in P815/C cells. HBcAg 
was found predominantly in the cell 'ysate. b Jt low arrwunts 
of core antigen were reproducibiy found in the supernaiant 
In pBMG/HBe-transfecled P8l5/e and RBL5/e celts. HBeAg 
was lound predom.nanrly the supemalani; onfy low amounts 
Of Ihe secieted forn> of the core antigen were present in cen 
lysates (data not sl^own). Sfmiiar data were obtained in 
immunoprecipital'on studies us'og a polyclonal HBcAg- 
specific antiserum. 
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Fig. 2. The serufT^ antibody response of mce .m/nunized witf- dCMV-Vc or nriMw oin<^rr.iH r^Ki* r^*. 

Single in(rafT,.,,scuJar injeclion of 50 ng pCMV-i/c (oncodinn HacAnfor nr J^u ^^^^ ?^^- ^^^^^"^ '^'^'^ smmunizec t>y 
DNA wm>ou1 insert (none). Mean (iters o^^nt.HBcTa^^^^^^ ^"^^^^^ P<3£r-^ 

are shown. The cut-off point of th.s assay is 0 1 ^aul EN .cT!n?l ' ^,1 obtained 5 weeks post-immuniza:icr 



Antibody response of mice immunized with pCMV- 1/c or 
pCMV- 1/e ptasmid DNA 

BALB/c (H-2^). C57Bl/6(H-20) cr P. (BALB/cxC57eL/6) mice 
were immunized by a single injecffon of 100 ^ig pCMV-l/c or 
pCMV-1/e plasnnid DNA into the regenerating muscle Afl 
animals immunized with pCMV-l/c pfasmia DNA developed 
HBc-specific serum antibody liters detectable in an ELISA 
(Fig. 2B: data not shown). Mice immunized with recombinant 
HBcAg particles (without adjcfvarts) also developed HBc- 
specific serum antibocy titers which were always lower than 
thosa in DMA-immunized mice (Fig. 20). Mice immunized with 
pCMV-1/e plasmid DNA developed anti-HBe sertjm antibody 
titers (Fig. 2E), The serum antibody response usually became 
detectable in the third week post-vaccination and increased 
for the followmg 3-6 weeks In contrast, the CTL .'esponse 
was always detectable from 5 days until >3 months post- 
vaccination. DNA vaccination of BALB/c. C57BLy6 or F, mice 
with an expression conslnjcl encoding either the intraceitular 
form (HBcAg) or the secreted form (HBeAg) of the core 
prot in stimulated the appearance of comparable levels of 
specific serum antibody titers (4 and data not shown). 

Immunization of H 2^ mice ^Hh pCf^V-1/c or pCf^V- f/e 
plasmid DNA primes ifi vivo K'^ restncfBd CD4- CDd^ CTL 
As previously reportsa. intramuscular inoculation of pCMV-V 
c or PCMV- i/e plasmid DNA into C578U6 mice stimu- 

lates a K^-restricted CTL response ro HBcAg/HBeAg (4) We 
immunized BALB/c mice by an Intramuscular injection of 
too ng pCMV-1/c or pCMV-1/e plasmid DNA. Spleen cells 
obtained from immunized mice 1-6 weeks post-immunjzation 
were re-sllmuiated in wY/owith transfectants. Cells primed by 
pCMV-1/c DNA were re-stimulated with P815/c transfectants 
expr ssing the inlraceliular form of the core protein (HBcAg); 
cells primed by pCMV-1/e DNA were re-stimjiated wth P815/ 
e transfectants expressing the secreted form of tfne core 
protein (HBeAg). in vivo primed and in vitro re-stimulated 
CTL populations tysed syngeneic targets expressing the 
respective antigen (Fig. 3). Spleen cells from unprimed mice 
(in/ected with vector DNA pCMV-i without insert) did not 
generate a CTL response agains: HGcAg cr HBeAg when 
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Flfl.^3. Imnr.'jnizarion of H-^"^ mce with pCMV- t/c or pCMV-i/e pfasn d 
DNA pnmes CTL BALB/c mica were iniected intramuscularly vvlch 
100 Hg pCMV-1/c or pCMV 1/e plasmid DNA. Spleen cells frnm 
immunr'zed micG obtained 10 days post-immunization were re- 
stimulated in vitro for 5 days with .nactivated P8l5/c or P81S/e 
transfectants. The cytotoxic response was tested against HBcAg- 
expressing P8l5/c targets or HaeAg-expressing Pai5/e targets arc 
non-transfoctod ccntroi PS 15 largets. 



co-cultured with syngeneic Iransfectants (data not shown), 
freafmert v^ith anti-CD8 antibody plus C. but not treatment 
with anti-CD4 antibody plus C . eliminated cytolytic effector 
cells primed to HBcAg or HBeAg by DNA immunization (ria;a 
not shown). Cytolytic effector cells thus expressed the C04- 
CD8^ surface phenotype. In vivo priming of CD8^ CTL 
prscursofS by DNA immunization was required to generate 
c^/Toloxic effector cells. In mixed lymphocyte tunx^r culture 
(WLTC) with mixed (unprimed and prim.ed) CD4+ and CDS'" 
T cell populations. CD4"^ T ce!ls primed in vivo by DNA 
immunization did not support the in vitro priming of naive 
CDS T cells by co-culture with transfectants (data not shown) 
The anti-K * mAb, but not the anti or the anli-L^ mAb 
blocked recognition of HBcAg-expressing P815/c target cei!s 
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Fig. 4. HBeAg/HBcAg-speC'fic CTL f'orr- K E/Tratto 

uui.ng ine ^-culture of e.'leclof and la/get ce.'s 

by HBcAg-primed CTL (Rg. 4). Similar data were foond 
assays w.th HBeAg-primed CTL recognizmc ^h! H^lln. 
expressing P8i5/e taroets CF.n ^\ r^^l ^ HBeAg- 



^BeAq/HBcAg-specific CTL irom H ^ ;-n,>^ 

/<--r*.s,r,cted ep,/ope SYVNWMGL "^"^"'^^ '"^ 

A 'ibrary of overfapping synthefic pepcdes of th*. HRV r«r» 

»nes ( 12-25 /c specf.c ,ysis at an effector taroef ratio of 

SWI^TNMGL spanning residues 87-95 of HBcAo /T;,h,I ? 
andF.g 5). Sirniiar data were obtaire7vv^ en CTL ^inl / 
mice immunized by pCMV-i/r on^*?;', ^ 

- .*.o w.,h P81S/C or pS?e,^ were^e Sj^nrr"" 
of mice with HBeAn nr wA/^a^ !. ^esfficf lir.niumzal.on 

0 nerated'ST^rh^it:? e "roprs^SX^Tr^. '^"^ 
HBcAg epitope contains .he k"^^ a^^efe Si Ltf'^'m?'^ 
position 2 and L at posliicn 9 dm tL ^ ' """^ ^ 

pep.de recognized'^?n S cin^ix, of K^ove^f ^ 
residues the sequer.ce of the 8mer ep ilSpe orHR'^A 
nized in the context of (Fig 1) ^ ''""Q- 

nea ceris were re-st.mulaied in the MLTC ,n vilro 



efther witn HBcAg-expressing P815/C transfectants or with 
'^.'^^''''S ^^'^'^ ''ansfeclants. The cWoW 

PetS^tarSsTcTr^' ^''^'^^ - 

bv HBcAn n M« populations pnmed and re-stimolaled 

,7,e hBpAo ^"f'^^^'' K^'-reslricted specificity for 

pr^rrot^''-'' '^'"^'^"ces ,n the efficency o 

Dr-vr,HnMA responses when 100 or 20 nq of the 

orM^ ^, ^ '"^'^ ""^'"^'^ S""''^' ^a'a were obia.nod when 

proSnV'andT'''"' ''''''' ^'^^ -jec.^d Hen?; 
f^om , Presentation of the K°-b,nding pept-de 

from cytopfasm,c/nuclear HBcAg or secreted hBeAa was 
apparently of comparable efficiency ,n difre^en, ce-l C?es 

ihe K . or the K^-restnctea epitope are co-primed 
Indth^K'^i^'^". It "^^9.>-.oo epitope MGLKFRQL 

ZtXe% IT T^""" " ^° P°P"'«'i°"s specfic for 
either ihe K -esir.cled epitope or ihe K "-restricted epitope 
are co-prirned in F,-^ rr,ice by pCMV-1/e or pCMV-l/c K 

maTZ'Tr ''i'^ ^) domonsiJat 

vflrr-^ w c populations are readily detectable in DNA 
F X ' '^'^^ rr^gnilude of the CTL response of 
ron T'"^' '^^ K^-restricled epilope was 

K -restr,cledepilope(Rg 7A and 8) and olh.2--'m,ce against 
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^^.f;;^.T^^ iL^l ; f '"J^'' '^^^ of He:Ag/'HBeAg. Spl«n,c CTl pop.Jatons rrom BALB/c mice primed by pCMV-i/c piasm.d DNA 
■?H 7 w ^? '^aiS/c trans'ecuots and usea for peptide mapping Radiolabeled P3 J 5 vvere pulsed with re 

md,cated corcenirai.or of pepvdes for 2 h at 28^C. washed and .sad as targets. Designar,oo of The peptides fs that fsted ^ Tab c 1 



the K'^-restricted epitope (Fig. 70 and D). ON A vaccination 
of Fi mice thus primes distinct CTL pep Jatfons with different 
restriction specificities that recognize overfapping peptides 
efficiently processed from an ntraceifuiar or a secreted pro- 
tein anltgen 

Oi cusalon 

Poient stimulation of CTL responses by ONA immunization 
The study confirms that DNA vaccinaticn is a potent technique 
to stirrulale class l-restricted T cell respo-^ses to viral antiger s. 
DfvJA vaccination revealed K^- and K^-restricted CTL 
responses to H8c/eAg in mice. CTL responses were not 
prirned in or .mice by in-eciions of recombinant 

HBcAg core particles by different rcuies. Th,s is m contrast 
to other Virus-like particle' systerr,s in which CTL responses 
can be primed by injecting low doses of lipoprotein particles 
without adjuvants. Thjs has been shown in the HBsAg syste.-n 
(20-22 24.31-34). in the HIV gag system (35) and in the Ty 
•virus-^ke particle' system (36,37) U is unkpo-.vn why HBcAg 
particles have only a tow immunogericity for CTL precursors. 

In some antigen sys-ems induction of a class I -restricted 
CTL response may be difficult' Although CTL can recogn'zs 
peptide epitopes of these antigens bindir.g to MHC class I 
molecules with high affiniry and can mediate (iif^erenf effector 
functions in vivo, ihey a.'e difficult to prime with trad'rional 
vaccination approaches We have described this with the 
HBsAg in mice (25) and with the SV40 T antigen In H- 
2^ mice (38) Once induced, such T cell response may have 
a considerable prophylactic or therapeutic potential. This 
obsen/ation makes DNA vaccination an (nteresling option 'n 
the immunotherapy of cancer and persisting infecl'ons. 



Natural processing and presentation of t^o over/apping class 
I -restricted epitopes 

DNA immuni?ation of C57BU'6 mice elicits K^-resiricted 

CTL responses against the 3mer epitope MGLKFRQL 
(HBcAgg^^ioo) HBcAg/HBeAg (4). This epitope stimulares 
a CTL response when mice are immiunizecf wiin HBcAg- or 
with HOeAg-encoding expression plasmids. Tnis epiiope is 
generated during natural processing of the secreted form 
(HBeAg) and the cytoplasmic form (HBcAg) of the cere 
antigen. The Smer epitope is of the expected iength. contains 
the K^-specific anchor motif (30) and binds to with high 
affinity. I! resemble neither the HLA class l-restricted epitopes 
of HBcAg reported so far (1) nor the murine class II -restricted 
epitopes of HBcAg/HBeAg (2,3). 

In this paper, we have m.apped the K'^-restricred 9m6r 
H3cAga7_95 peptide SYVNTNMGL as a further CTL epitope 
II overlaps with the K"-restricred epitope by three amino acid 
residues. The efficjency of antigen processing seems to 
depend on intrinsic qualities of an epitope and its localion 
with.fi the protein. Proieolytic degradation cf HBcAg/HBeAg 
lo generate these epitopes nay involve one or multiple steps. 
Processfng could generate a Mmer (or larger) peptide, thaf 
is transported through the TAP. binds to MHC class I mofec Jes 
and is subsequently trimmed to the appropriate si^e. Atternar- 
ively. different proteolytic cleavages could generate two differ- 
ent peptides that each contains one of the r^o epitopes. 

Secreted and intracellular forms of the HBV core protein are 
efficient// processed for cfass l-restricted presentation 

The pre<:ore region of HBV contains two alternative ATG 
translation Initiation codons. The precursor for the secreteo 
P22 5 form of :he core protein is translated from the first ATG; 
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Pig. 7. K<*- ano K^-rcsincted CTL am co-primed by immunizing F,**^^ micw aoainsi HBcAg or HBeAg by DNA vacciration C57BL/6 (A 
and 8). BALB/o {C and C) or f^^'^^ {BALBiZxC57BU6) (E and F) mice were immunized with pCMV-i/c (A. C and E) or pCf^-l/e {B. 

D and F) plasmid DNA. Prinr.ed spleen cells obtained 2 weeks post-imnnjnlzation were specifically re-stimulaled for 5 days in the MLTC: ceUs 
ffCMi CS7BUB rrice wc^'e r9-snm«jlated \^rh inaciivijtea RBlS-'c (rar-bfectaiKs cehs from BALD/c n^ce were re-iUmuiaied with inaciivated Pa 15/c 
transfectams and cells from F, fr.ice we'e re-s'mnulated with a riiyrure of inactivated RBL6/C ard P815/C iransfectanls. Similar data wera 
obtained *>vhen primed cells v/crc rc- stimulated in vtiro eWher AUh fiSLS'c or witli F8l5/c cells or with pepiide-pulsed sTimulator cells. Th a 
spRci'tc cytolytic reactivity o* CTL was read Cul arjainsi; P815 cells pulsed with the K** binding HBcAg,^.,^ peptide MGLKFRQl (P315;K=^- 
pep) or the K«*-o»nding HBcAg^7,^ peptide SYVNTNMGL (Pa 15y'K<^-pep). RBL5 coHs pjiscd with the K''-bii>ding HBcAggg peptide 
MGLKFFOL (R8L5/K*^ pep) or the K'^-bindmg HBcAgg^^j^ peptide SWNJTNWGL (RBLo/K^-pop). or non treated P815 or RBL5 control targets 



the intracellular form of the core protem -s translated from the 
second ATG To exclude the poss-bility that 'ow levels of 
HBcAg are fanslated from the second ATG during biosyn- 
thesis of P22.5 fronr. the first ATG. we nnutaied the second 
ATG. From this construci (pCMV- 1/e-*). orly secreted HBeAg 
can be expressed Injection of this piasmid pri'ned K^- 
and K^-restricted CTL to HBc/eAg efficiently (Table 2). The 
secreted form of the cof*5 antigen can therefore be processed 
for class i-resiricied peptide presentation. 

We observed no differences irt itie efficiency of CTL prim-ng 
by plasnoid DNA encoding HBeAg or HBcAg and we found 
no differences in {he efficiency of K''- or K'^-rest'''Cted presenta- 
tion of the H8cAg/H8eAg epitopes by fransfectants These 



data indicate that generation of peptides from secreted and 
intraceUular proteins for loading to WHC class 1 molecufes is 
equally efficient. The site of p/ocessing of secreted HBeAg. 
and the site of loading of the generated peptides to and 
K*' molecules, remains to be etucidated. Cytcsolrc degradation 
of proteins seems to be the major source for peptides 
presented by MHC class I molecules (39) The site of pro- 
cessing of secreted proteins for recognition by CTL is uncer- 
tain. Most secreted proteins, including the P22.5 protein, 
are co-translationally translocated into the ER lumen during 
biosynthesis, /n poptide transporter (TAP)-dericien: cell lines, 
processing within the ER lumen has been shown to generate 
V.HC ctass I -binding peptides, mostly derived from cfeavec 
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leader sequences (40) A retrograde iranspor : of polypeptides 
or peptides from the EFl lumen into ihe cytosoi rnay feed them 
into a poul ihai is available for TAP-dependeni loading cn 
nascent class I molecules (41,42). _ow.freqaency failure of 
&e signal scquence-contatring polypepiide :o engage the 
translocation apparatus, resulting In synthesis and degrada- 
t'on of the protein in the cytoscl. may represent an importan* 
mechanism for the generation of class l-^estncted CTL 
responses (43.44). Secreted exogerous prctems may te 
processed in aitemative paihv/ays to generate peptides ava-.f 
able fe.'MHC class ! mofecufe ^cadin- (reviewed in 45.46). 

HBeAg-negative variants o^en ar.se m tre course chronic 
HBV infections. These HBeAg-non-expressing HBV variants 
ofien carry a slop codon at residue 23 encoding the leader 
sequence or contain core promoter muatiorvs (47.48) Our 
data make it unlikely thai the appeara'^C9 of HBeAg-negat ve 
variants during chronic HBV .nfections -esults from CTL^ 
mediated immune selection. Expression of ihe secreted and 
the intracellular form of the core antigen was equally -'ficient 
in (re)sfmxilaring murine CTL responses. Observations in 
pal-ents suppon these /^ndings: HBcAg-specific CTL frorr. 
acutely HBV infected patients lyse targets equally well that 
express either HBcAg or HBeAg (l .49.50). Tne only domain 
of the secreted form of [he cere antiger> tnal could stimulate 
C.L operating ,n the <mmune se.'ectio^ of HBeAg-negative 
variants would de epitopes in the HBeAg leader sequence 
such CTL reactivity has not been observed fn chronically 
infected patients (1). Cefis injected ^-ith a HBeAg-negativ- 
HfiV variant will be visible to HBcAg-specific CTL and wiM 
therefore not be positively selected. Furthermore CTL are 
unlikely to exert a strcng select.on pressure for HBeAa- 
negative variants of HBV because they are very difficult to 
detect .n chronically Jnfecred oat^eris. These data mak- it 
unlikely (hat the appearance of HBeAg-negaiive variants 
aur.ng chronic HBV infection <s tne resu't of CTL-me-.a'ed 
immune selection. 
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